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The charactcristics of reversal ventilation of axial flow fan is analysed in the paper. In ac-

cording 1o the theory of flow around the airfoil, a new airfoil — “s” shaped airfoil with doub-

le circular arc is presented and experimenited in the wind tunnel. the experimental results have

shown that thc characteristics of new airloil in reversal ventilation is the samc as that in nor-

mal ventilation and is better than that of cxisting airfoils of reversible axial fans.

Nomerclature

u tangential vclocity of impeller
c absolutc vclocity
w rclative vclocity
0 cnter angle of relative vclocity of {low
B' installation anglc of bladc
P, theorctical total pressure
I-’T cocfTicicnt of thcorctical pressurc
p dencity of Mow
r radius
T blade solidity

c
d)=u—' cocfTicient of flow rate

!

c, lift coefficient
c, drag cocfTicicnt
o attack anglc
k slope of characteristic linc of pressurc coclfficient
b blade chord
F half of thc maximum thickness of airfoil
-~ . o= F
f deflcction of airfoil (f = -6)
Subscript
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1 before blade cascade
2 after bladc cascade
u tangential dircction
z axial direction
m for mean radius
0 for 17‘ =0
t up
h hub

Introduction

The reversible ventilation of a fan is a problm which oflen arises in many places, for cx-
ample, in road and railway tunncls wherc it is required to drive the air in onc or the other di-
rection depending upon the condition that exists at the time. Though an axial fan whosc im-
peller blades arc formed with conventional airfoil can drive the air in opposite dircction by
simply reversing the rotor, it is found that the characteristics of rcversal ventilation is much
lower than that ol the normal ventilation, the cfficicney of an decreasing sharply and the [Tow
ratc being about 40-50% of normal ventilation.

The characteristics of reversal ventilation of axial fan with single indepedent impeller 1s
analyscd in the paper. In accordance with the theory of [Tow around an airfoil, a ncw arrfoil—
*s” shapcd airfoil with doublc circular arc is presented. If the impeller blades are formed with
such airfloil, the axial fan can opcrate in cach dircction to provide a substantially cqual but
opposite flow with a higher cfficiency than can be obtained by cxisting lan with conventional
blades. The reversal ventilation can be achicved by simply reversing the rotor of fan. The ”s”
shaped airfoil presented in the paper provides a basis for constructing a new typc reversible

axial fan with simplc construction. casy control and better characteristics.
The charactcristics of fan impeller during normal and rcversal rotation

According to the 2—D cascade theory, the velocity triangle of a blade cascadc of the axial
fan with singlc indcpcdent impcller is shown in Fig.1.
From the Eular cquation
Pl=pu(CZu—Clv)=pu(wlu_w2u) (])

then the coclficient of thgorctical pressure is
P,=P,/puf=u(w“—wh)/uf (2)

where u, is periphceral velocity of impeller.

Writting Fel =2 (3)
r u

1 H
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¢=;T (4)

thus the ¢q.(2) becomes

P =7®(1g0 —1g0)) (5)
From fig.1
W uTy, r
it Tl ©
According 1o the cascade theory [4]
19, = A1gh + B (7N
Where
1— %(dcy / da)cosp
A= (8)

T
1+ 2 (dcy / da)cosf

T .
E(dcy / da)sinf
B= %)
1+ s(dcy / da)cosf

p—1thc entry angle of rclative velocity during P, =0, i.c. anglc of zcro Iilt Iinc (Figl)
From cq. (5), (6), (7) wc gct
p,=(1—A)F —FOIB+ (1 — A)gd ] (10)

The slope of characteristic ]in@l"}"':is

ar, _ 5
K=~——d(b = —F[B+(1— A)gé ] (an
When }.’T= 0, the cocfTicient of Mow rate ® would have the maximum valuc
_ (1 — Ay
O B4 (1- A)gd, (12)
and the flow ratc bccomcs maximum too
9°=u‘]": 2nr® dr (13)
If representing with mcan radius r,
r
F o=
L ¢
]
thus
¢Dm=(l—A)F:/[B+(I—A)tgél] (12a)
2 2
90m=ul®mn(r‘-—rh) (13a)

It is neted, that the preceding cquations arc all suitable for both normal and reversal ro-
tating ol impcller.

For axial fan with single indcpedent impeller no matter what the rotating dircction may
be, the air Mlow into the blade cascade always with axial dircction, i.c the angle 6, =0. Making
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superscript “ /¥ for condition of reversal ventilation, thus from the eq. (10), (11), (12a), (13a)
thc following cquations arc geticn:

1) the theorctical pressure cocfTicient

P =(1—AF —F0B (14)
P =(1 = A —FO'B (15)
2) the ratio of K of reversal ventilation to that ol normal ventilation
— K B
K = — = —
K B (16)

3) the ratio of maximum thcorctical reversal flow rate to maximum thcorctical normal
flow rate during P =0
! 9/ q)/ P
5 om om (1 —AB

T T T (-AF an

Assum that dc,/ d a maintains constant during normal and rcversal ventilation, and in-
scrt ¢q.(8), (9) into cq. (16), (17)

sinf'[1 + %(dcy / da)cosf]

K= (18)
sinfi[1 + g (dc, / dajcospy]
ctgf’
J, = Ct’;ﬁﬁ (19)
From fig 2
B=B —ay B =B+,
then inscrting into ¢q.(18).(19)
thus
_sin(B, + o)1+ 4 (de | / da)eos(B, — )]
K= =1 (18a)

sin(B, — a )1 + 7 (dc/ da)cos(B, + o' })]

J ol 4o, %) <1 (19a)
| o crg(B, —ay)

From preceding two cquations, it is found that J, less than I and K larger than 1 cxcept
p'=p (i.c. ay=—a'y). It follows that if thc impclier of fan rotatcs in oppositc dircction, the
maximum flow rate of fan would decreasc and the slope of characterstic linc of }7’ would be-
come stecp.

Because the a,, ofjarc relative with gcometrical parameters of  blade cascade, such as
airfoil deflection 7, blade solidity 1, installation angle of bladc 0,and bladc thickness c. there-
fore J, and Kmust be the function of such paramecters

J, = f(f1.9 ,c)
K=f(f18, ) (20)

From cq. (18a), (19a) if § = f'(i.c agta’y=0)
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then 3
J,=1,K=1 (21

It means that the characteristics of fan during contrary rotation is the same as that dur-
ing normal rotation, thereforc the best efTect of reversal ventilation is obtained.

It is clcan that only following two condition can satisly the cq.(21)

1) a, = a’o =0

It can be obtained that if the airfoil deflection f=0, such as the fat plate airfoil, cllipsc
airfoil, the charactceristics of such airfoils arc lower and not satisfoclory for uc.

(2) tp= —oo(0gF0, o0, [ 0)

It can be obtained when the zero lift line of cascadce in rcversal ventilation is parallel to

that in normal ventilation, i.c. the airfoil must posscs the reversal symmeterical npofile.
"S”" SHAPED AIRFOIL WITH DOUBLE CIRCULAR ARC

On the basis of analysis in preccding scction we present a new airfoil—”s” shaped airpoil
with doublc circular arc as shown in fig.3. 1t is a rcversal symmecterical airloil satisfying the
condition ay=—a’y. Thc centre line of the airloil posscs the shape of “s”, which is connccted by
two circular—arc lincs AEC and C/T_)\E tangential to cach other. At the middle points of two
arcs jB.D)lthcgcﬂcclion of centre linc is maximum.

ymax =

Where F is the hall of the maximum thickness of airfoil.

The ecquations of centre line of airfoil may be written as

— 2
arc ABC (x——%) +(y+a) =R’ xE(O,%)

P 3b\? 2 2 b
arc CDE X_T) +(y—a) =R xe(i,b) (22)
where a=(b2/32F)—§ (23)
R(radius of circular arc )=lj£ + (-li - f) (24)
2 4 16 2

The formation of airfoil profile

Along the centre line BCD a number of circles with radius r=F arc drawn whosc centre
points arc at the arc BCD,then a number of another circics arc drawn along the arcs AB and
Iﬁi,whosc centre arc at these arcs and whosc radiuscs arc identifed with the perpendiculars
from center points to abscissa line x. Drawing envolope linc around such circles, the profile of
the new airfoil is formed.

If the chord of the airfoil b is constant, taking different valuec of F, a number of ”s”
shaped airfoil with diffcrent deflection f would be obtained.
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EXPERIMENTAL RESULT

Four ”s” shaped airfoils with diffcrent f arc experimented in wind tunnel in
acrodynamic laboratory of Jiaotong University in october 1987. Their symbols arc CS-3(f
=3%), C=3.5(/~3.5%) CS—4(f=4%) and CS=7(f-7%).

The experimental results of these airfoilare shown in Fig 4. From [ig 4a) It is scen that
with the increaring of attack anglec « the lift cociTicients ¢, incrcasc and rcach thc maximum
valuc then decrease gradually. In the rangca=0° ~ 13 °, the ¢, ol airfoi! CS—4is the high-
cst among othcrs (c,q,, = 0.87) and the ¢, ol airloil CS—7 is lowcr than that of others. From
Fig 4 b) it is scen that the drag coelficent ¢, of all four airfoils arc incrcased lroma=0° and
thec, of airfoil CS=7 is much higher than that of others. In the range of attack anglc a [rom
0° to 10° the c,ol airfoil CS~4 is lower than that of others. Tt is followed that the
acrodynamic characteristic of airfoil CS—4 is better than that of others. Furthermore when
the deflection of airfoil is too big (f>>7%), the drag cocflicicnt ¢, of airfoil would incrcasc
sharply. The acrodynamic characteristic of airfoil CS—4 is compared with the conventional
airfoil (NACA—-64, NACA—66). From Fig 5 a). 6 a) it is shown, though the ¢, of airfoil
CS—4 is lower than that of NACA airloil in normal ventilation, it is much higher than that in
rcversal ventilalion, expecialy at bigger attack angle. From Fig 5 b). 6 b) it is scen, in the
range a=0~ 10 ° the drag cocfTicicnt ¢, ol airfoil CS—4 is lower than that of NACA airfoil
in normal ventilation, while @ >10° it is higher than that of NACA airfoil, but in rcversal
ventilation condition the ¢, of airfoil CS—4 is much lower than that of NACA airfoil in all
range of attack angles in expcriment.

In order to analysc the Now around the ”s” shaped airfoil , the pressure discribution
along the surfacc of airfoil CS—3 at « =4 ° is mcasurcd as shown in Fig 7. There are two arc-
as boundcd by pressure cocfTicient ¢, linc of airfoil. The arca on the preceding half of airfoil
(x / b=0~10.5) is positivc, which indccates that the lift force on the airfoil is upward; The arca
on the rcar halfl of airfoil (x / b=0.5~ 1.0) is negativc, which indccates the lift force on the
airfoil is downward. Sincc the preceding arca is bigger than the rear arca, so the summary lift
force on the airfoil is upward. Varying the attack angle o , the two areas and the summary Jifl
force would be changed.

In the Fig 7. c, = (Pl, - Po)/%pc:, where P, is the pressure at the surface of airfoil.

P, isthc ambicnt pressure, ¢, is the [Tow velocity in the wind tunnel.

Conclusion
1) If the impcller of axial fan with conventional airfoil rotates in reversal direction, the
maximum theorctical Nlow rate would dcecrcasc, the characteristic line of P, become steep, the
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charactcristics of fan would bc worse.

2) The characteristic of impeller in reversal ventilation is identical with that in normal
ventilation, when the dcflection of airfoil 7=0 or 50 but the profile of airfoil is rcversal
symmectcrical .

3) The “s” shaped airfoil presented in the paper is a reversal symmeterical airfoil. When
thc impeller whosc bladc is formed with such airfoil rotates in opposite dircction, its charac-
teristic would be the same as that in normal ventilation,

4) The synthctical characteristic of axial fan whose impeller blade is formed with “s”
shaped airfoil would be betier than that formed with conventional airfoil, cspecially in rever-
sal ventilation condition, thercfore the new airfoil presented in the paper is more availablc for

reversible axial fan.
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Fig.1. The velocity triangle of a blade cascade
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Fig.2. Normal and co»mrary flow
around an airfoil

L Fig.3. ”S” shapcd airfoil with double—circular arc



561

Third International Conference on Inverse Design Concepts and Optimizaton in Engineering Sciences

(ICIDES-III}. Editor: G.S. Dulikravich. Washington D.C.. Qctober 23-25 1991,
vy Tx
Lok 22t
/x—x/'{
Sr Xy ——n{ 100 /
O/G
~€ r Wbk

. X P / :
G f!]r// | / /?/
. A ot

% /./
L i 4 8 ll 1.6 “0

o 4 8 12 16 x° o 4
—e— ¢S —3

(& —o— ¢s-3.4 q
A Cs - ¢

—— Y — cs - 7
Fig.4. The cxperimental results of C5—-4 airfoil series

Cy —
faf /// ¢
.

16 o ’ /&,
N ' /7

8 / 4, / /

7/

/ or / ///

. /
6 ,
/// O~0~—0 Jar / 7
4t /
2 B[ o0 s
L A/:// "‘PL/ -7 “/

I : 1

o & € 12 Ip °

a) - ——b— (CS$-y b)
——o0—— NAcA-6y (ReV)
““““ NACA-64 (Nor)

Fig.5. Comparision of airfoil CS—4 with conventional aisfoil NACA—64 in normal and

reversal ventilation



562
Third International Conference on Inverse Design Concepts and Optimization in Engineering Scicnces

(ICIDES-III, Editor: G.S. Dulikravich., Washington D.C,, October 23-25, 1991

]

Cy — A Cx
./,’ ~
1o a2r
s/
a8" DOk (’
///
16- '6' /
/
/
4 NEYS / /
’l
YN d ~°8P / //
A
Lor ,M,Fg—'_—o /y,f/-
1= 16 «° o 4 & @ b X°
—a— CS-¢
a) - o— Naca-bb(heV)  b)

“==- - NACA -66 (Nor)
Fig.6. Acrodynamic characteristic comparision of CS—4 airfoil with airfoil NACA-66

in normal and reversal ventilation

-l
AN
A\
-4
-1

0

2

v

-6

8

o 2 & 6 8 1o X
b
Fig.7. The pressure discribution along
the surface of airfoil CS-3.



